INTRODUCTION
Orius strigicollis (Poppius) is one of the most useful natural enemies of various minute insect pests, such as thrips, and the species is widely used in Japan as a biological control agent in greenhouses (Yano, 2004) . Because O. strigicollis is common in the field, however, it is difficult to judge the effectiveness of released populations in controlling pests. Furthermore, from a conservation ecology viewpoint, there is a risk that the augmentative release of commercial agents might disturb the genetic composition of field populations. To trace released agents, genetic markers that distinguish field and commercial populations need to be developed.
Microsatellites, short stretches of tandem-repeated one-to five-nucleotide sequences, are ubiquitous in eukaryotic genomes and are known to be highly polymorphic (Goldstein and Schlötterer, 1999) . Their high polymorphism makes them suitable markers for studying intra-specific variation.
frequencies. Table 1 shows the collection records for the field populations, which were sampled from the inflorescences of tall goldenrod, Solidago altissima L. The commercial strains used were Oristar-A ® (Sumitomo Chemical) and Tairiku ® (Arysta LifeScience). Collected individuals had been preserved in a deep freezer at Ϫ80°C until DNA analysis.
DNA extraction from insects. DNA was extracted from individual insects using a GenomicPrep Cells and Tissue DNA Isolation Kit (Amersham Biosciences). Each individual was put into a 1.5-ml tube and homogenized with 100 ml of Cell Lysis Solution. Extraction was conducted according to the manufacturer's instructions, and the extracted DNA was then dissolved in 100 ml of TE (1 mM Tris-0.1 mM EDTA).
Isolation of microsatellite loci, and primer design. To isolate the microsatellite region from the insect genome, we used a method described in Schlötterer (1998) with some modifications using an adult female of Kochi strain. Genomic DNA was digested with restriction enzymes and ligated with SauL linker (Armour et al., 1994) or SNX linker (Hamilton et al., 1999) . The restriction enzyme MboI was used for ligation with SauL, and NheI was used with one of AluI, Csp45I, HinfI, or MspI for ligation with SNX.
After ligation, polymerase chain reaction (PCR) was performed with linker-specific primers (SauL-A: 5Ј-GCGGTACCCGGGAAGCTTGG-3Ј; SNX-F: 5Ј-CTAAGGCCTTGCTAGCAGAAGC-3Ј) according to the following PCR cycling profile: 94°C for 3 min; 35 cycles of 94°C for 1 min, 55°C for 1 min, and 72°C for 2 min; and a final 10 min at 72°C for last-strand elongation. The amplified fragments were hybridized on a nylon membrane spotted with 200 pmol of oligonucleotides, (TC) 16 and (AC) 16 , in hybridization buffer (0.5 M sodium phosphate [pH 7.0], 0.5% sodium dodecyl sulfate [SDS] ) overnight at 65°C. The membrane was washed four times for 30 min with 1 ml of wash solution (0.1% SDS, 0.3 M sodium chloride, 0.03 M sodium citrate [pH 7.0]) and four times for 30 min with 25 ml of wash solution at 65°C. The hybridized fragments containing microsatellite sequences were then removed from the membranes with 200 ml of 50 mM KOH-0.01% SDS and then 200 ml of 50 mM Tris-HCl (pH 7.4)-0.01% SDS. The fragments were precipitated with ethanol, dried, and then re-amplified by PCR with linkerspecific primers.
The re-amplified fragments were cloned using the pGEM ® -T Vector System (Promega) and sequenced with a Taq Dye Deoxy Terminator Cycle Sequencing Kit and ABI Prism ® 3100 DNA Sequencer (Applied Biosystems). When microsatellite sequences were detected in the fragments, primers were designed from the flanking region using Primer3 software (Rozen and Skaletsky, 1998) .
Polymerase chain rection and fragment analysis. One primer used for the amplification of each microsatellite locus was modified with one of three fluorescent dyes. PCR amplification was done in a total volume of 12.5 ml containing 0. -free) (TaKaRa). Each reaction mixture was put into a 0.2-ml PCR tube, and amplification was performed in a thermal cycler (iCycler, Bio-Rad Laboratories) with the following profile: 94°C for 3 min; 35 cycles of 94°C for 1 min, 55°C for 1 min, and 72°C for 2 min; and a final 10 min at 72°C for last-strand elongation.
We transferred 0.5 ml of each resultant DNA so-500 N. HINOMOTO et al. lution into a sample plate with 0.5 ml of Size Standard 400 (Beckman Coulter) and 40 ml of formamide. Fragment analysis was done using a genetic analysis system (CEQ TM 8000, Beckman Coulter) under the following conditions: the capillary temperature was 35°C, the separation voltage was 7.5 kV, and the separation duration was 50 min.
Data analysis. The length of each amplified fragment was estimated by software accompanying CEQ TM 8000, and allele frequencies were calculated based on the estimated length. The number of alleles, allelic richness (Mousadik and Petit, 1996) , expected (He) and observed (Ho) heterozygosities (gene diversity; Nei, 1973) , inbreeding coefficient (F IS ; Weir and Cockerham, 1984) , and genotypic disequilibrium were calculated using Genepop (version 3.4; Raymond and Rousset, 1995a) and FSTAT (version 2.9.3; Goudet, 1995) . Null allele frequencies were also estimated by the method of Brookfield (1996) as implemented in MICRO-CHECKER (Van Oosterhout et al., 2004) . Genetic differentiation among populations were measured by pairwise F ST (Weir and Cockerham, 1984) and G-statistics (Goudet et al., 1996) using MI-CROSATELLITE ANALYSER (Dieringer and Schlötterer, 2003) and FSTAT.
RESULTS AND DISCUSSION
Microsatellite sequences were found in 54 of the 107 clones that we sequenced. In 15 of the 54 clones, microsatellites were positioned near the end of fragments, so that primers to amplify the microsatellites could not be designed on the flanking region. In addition, some clones had sequences similar to each other. Thus, we were able to design primers for 16 loci. After screening of primer pairs using the four laboratory strains described in the Materials and Methods section, six loci could be amplified consistently ( Table 2 ).
The number of alleles, allelic richness and heterozygosity per locus and population were shown in Table 3 . The average and total numbers of alleles found in all populations were as follows: 3.22 and 11 for OstMS001; 13.78 and 59 for OstMS003; 10.61 and 35 for OstMS009; 8.17 and 29 for OstMS010; 9.39 and 27 for OstMS014; 10.50 and 40 for OstMS016. Allelic richness varied from 1.000 to 8.511. Thus, most microsatellite markers developed in this study are highly polymorphic and suitable to measure genetic diversity in this species.
In most populations, the numbers of observed heterozygotes were significantly deviated from those expected under Hardy-Weinberg equilibrium (HWE) ( Table 3) . With regard to loci OstMS003, 010, and 016, no heterozygote was found in male populations, revealing sex-linkage in these loci (i.e., located on the X chromosome). For the other loci and populations, departures from HWE may have resulted from null alleles. Table 3 also showed that estimated frequencies of null alleles (r) estimated by the method of Brookfield (1996) , except for OstMS003, 010, and 016 of male populations. The average of null allele frequencies varied from 0.011 for OstMS001 to 0.131 for OstMS009. In most of populations, two of six loci (OstMS009 and 014) exhibited significant evidence for null alleles (probability test; pϽ0.05), whereas in other loci null alleles could be disregarded. F IS values after correction by null allele frequencies using the method of Brookfield (1996) were also shown in Table 3 . All field populations showed significant deviation from zero in this value. Thus, field population of O. strigicollis would generally show heterozygote deficits. Orius adults are thought to immigrate into tall goldenrod habitats, attracted by herbivorous insects crowding on the inflorescence (Shimizu et al., 2001) . Therefore, the heterozygote deficits might be resulted from population genetic structure such as Wahlund effect. On the other hand, influence of null allele could not be eliminated as mentioned above. Future studies should examine the population genetic structure of this species on S. altissima.
To elucidate independence of inheritance of the loci, linkage disequilibrium among loci were analyzed for each population. For male populations, sex-linked loci and other loci were separately analyzed. Significant evidence (pϽ0.05) of linkage disequilibrium was found only in seven pairs out of 157 pairs: OstMS003/OstMS009 in Kamagaya (female), OstMS001/OstMS010 in Shintomi (female), OstMS010/OstMS014 in Kanoya1 (female), OstMS010/OstMS016 in Yonago (female), OstMS001/OstMS014 in Miyazaki (male), and OstMS003/OstMS016 in Miyazaki (male) and Kanoya1 (male). Across all female populations, significant disequilibrium was not found, suggesting that these linkage disequilibria were due to sampling bias. Although OstMS003, 010, and 016 would be on the sex chromosome, only 504 N. HINOMOTO et al. OstMS003/OstMS016 showed significant linkage disequilibrium across all male populations (pϽ 0.02), showing OstMS010 was located apart from them. These results showed that loci isolated in this study except for OstMS003 and 016 could be treated as independent loci in population genetic studies.
Genetic differentiation between females and males within each population was compared using allele frequencies. Allele frequencies were not significantly different in each pair except for Oristar-A ® (Fisher's exact test, pϽ0.05; Raymond and Rousset, 1995b) . Thus, females and males in the field are thought to belong to the same gene pool.
Genetic differentiation among populations was estimated using pairwise F ST -values and tested for significant differentiation with an exact G-test (Table 4 ; Goudet et al., 1996) . As mentioned above, within-population allele frequencies of females and males were not different and there were sex-linked loci, so only females were used in this analysis. Geographically close populations in southern Kyushu (Shintomi, Miyazaki, Kanoya1 and Kanoya2) showed no differentiation among any pairs. In contrast, two commercial populations were differentiated genetically from each field population, revealing the high genetic specificity of these strains.
Commercial populations showed significantly smaller allelic richness than those of field populations (Wilcoxon's rank sum test, pϽ0.001). Therefore, commercial O. strigicollis populations have lost genetic diversity through bottleneck effects and genetic drift in rearing and possible selection during mass production. Although the commercial populations apparently were derived from somewhere in Japan, their genetic profiles deviated greatly from those of each field population used in this study. If commercial and field populations are reproductively isolated (although such isolation has not been reported), this genetic specificity would enable us to detect the establishment of released commercial populations in the field. If, however, mating occurs between released and field populations, there is a possibility of genetic disturbance to field populations by released populations. Because no specific alleles for commercial populations were found in this study, genetic composition should be continuously monitored for field populations to elucidate genetic disturbance by releasing commercial populations.
In this study, we isolated six microsatellite markers in O. strigicollis that are highly polymorphic, allowing analysis of genetic diversity. However, half the loci analyzed were sex-linked and not independent. To elucidate the population genetic structure in this species, many more markers should be developed. 
